There is still a need for new techniques of measurement of the effects of muscle relaxants and their antagonists in man, as many of the methods at present available have limitations which are more restrictive than those in animals.
Measurements in the human subject are often made on the small muscles of the hand which may not neesarily reflect the state of neuromuscular blockade in other muscle groups. Three techniques of assessment will be described:
(1) The effects of depolarizing relaxants were studied during operation for the correction of strabismus by attaching the resected muscle by a fine wire to a strain gauge (microforoe transducer-Sanborn FTA-101). The signal was lified by means of a Sanborn carrier amplifier (350-1100 CM) and the output displayed on a meter or recorded on a Mingograph 24B (Kaufman 1967) .
The intravenous injection of suxamethonium 25-50 mg produced a rise in tension in the lateral or medial rectus muscle within 25 seconds, the maximum tension produced being an increase of 20 g. The rise was maintained for seven minutes but had declined in most instances after ten minutes. The onset of increased tension preceded the onset of apna and also oudasted it. Decamethonium, which has a lonser duration of action, produced a period of apnoea of twenty minutes and a rise of muscle tension for twentyfour minutes. The prior administration of d-tubocurarine failed to prevent the increase in muscle tension. The significance of these findings is that the effects of depolarizing muscle relaxants on the extraocular muscles would not have been revealed by making measuremnts only from the small muscles of the hand. The increase in tesion is due to the stimulation of slow or tonic muscle fibres (Eakins & Katz 1965) . The clncal importance of these studies is that depolariing drugs should be avoided during the actual extraction of -eatasets and for penetrating injuris of the eye.
(2) The action of neostigmine on the bowel has been investigated by a study of its effects on the intralumninal pressures within the ileum, colon and rectum. Air-filled latex balloons within the bowel were connected to transducers and the results recorded (Wilkins et al. 1970) . The pressure within the ileum was measured after ileorectal anastomosis or in established ileostomies.
Increases in pressure and bowel activity were noted within one minute after the intravenous injection of neostigmine 1-0-2-5 mg. Atropine 0-5 mg given together with the neostigmme delayed the onset of pressure change for 10-15 minutes, while atropine given prior to neostigmine was less effective in modifying the increase of bowel activity. The ileum was most sensitive in its response to neostigmiine and the rectum least responsive. Halothane anesthesia prevented the pressure response to neostigmine during the course of the study.
Fears have been expressed concerning the safety of neostigmine after the anastomosis of bowel (Bell & Lewis 1968 , Hannington-Kiff 1969 .
Whitaker (1968) found that neostigmine was not a major cause of anastomotic leak. The present results show that although activity occurs after neostigmine, it is also accompanied by a slowing of the pulse rate. Further doses of atropine may be required. Halothane administered during anesthesia may prevent increased bowel activity.
Careful monitoring of the pulse rate may reflect bowel activity in response to neostigmine.
(3) The effects of muscle relaxants have been studied on intramuscular pressure. The technique, described by Buller et al. (1959) and modified by Kaulfman (1965) involves the insertion into the muscle belly of a hollow 23 gauge needle which is insulated except at the tip. The needle is connected to a Sanborn 267 BC inductance differential pressure transducer (volume displacement of003 MM3 per 100 mmHg). The system is saline-filled and the pressure kept constant by runming a slow saline 'drip' into the muscle via the needle.
Stimulation of the intramuscular nerves via the needle occurs every five or ten seconds, with a 0 3 msec duration. Pressure changes are detected by the same needle, and amplified by a carrier amplifier whose output is fed to a meter, recorder and timing device. The time the pressure wave takes to reach its peak (time to peak) is displayed on a digital timer and printed out on an Addo printer. The height of the wave can be recorded (Mingograph 81), or displayed on a digital voltmeter using a field effect transistor, read and store circuit, or by using the analogue output from an analogue to digital converter with peak-hold facility.
With this technique, tetanus/twitch ratio was found to be 4: 1, which is normal for manmalian muscle, while the refractory period was 2 msec.
Gallamine in doses of only 20 mg produced marked falls in pressure which could be restored by a burst of tetanus or by neostignine. Similar effects were seen with d-tubocurarine, while pancuronium produced a most intense neuromuscular blockade as seen by the minute pressure response to nerve stimulation. 'Time to peak' was reduced by nondepolarizing relaxants which also produced poorly sustained tetanus and posttetanic facilitation. With decamethonium tetanus was well sustained. The technique is most sensitive and many pressure changes were detected without apparent physical movement of the muscle. Most measurements were made from the extensor muscles of the forearm but the intercostal muscles were also studied. Controversy still exists as to the best index of neuromuscular blockade and adequacy of reversal. Katz (1967) reported inconsistencies in assessment between tidal volume and twitch height, and observed post-tetanic facilitation and well-sustained tetanus after nondepolarizers; the response to rapid rates of stimulation was advocated as the most sensitive guide to the presence ofnondepolarizing blockade (Gissen & Katz 1969) . Heisterkamp et al. (1969) found that the ability to sustain tetanus was related to frequency of stimulation rather than to the amount of drug given, and found twitch tension the best index of blockade. Epstein, Wyte, Jackson & Sitter (1969) reported that the Block-Aid stimulator produced paired stimuli instead of single stimuli which would invalidate correct interpretation of results. Berry (1966) drew attention to the use of refractory period in the detection of neuromuscular blockade in deeply curarized patients, while modified the method to detect the effects of small doses of drugs. Intramuscular pressure measurement in one patient showed that d-tubocurarine 1 mg shortened the refractory period from 2-5 to 2 msec without affecting the pressure height.
The present technique departs from the traditional method of using the small muscles of the hand in assessing the response to neuromuscular blocking drugs. It enables a wider variety of muscles to be examined, including those of respiration. The results are immediately available and are constant. The method is very sensitive and is being developed to study pressure change and electrical activity in respiratory muscles and to relate these to tidal volume. Further studies are in progress on the effects of relaxants on 'time to peak', as it has been suggested that d-tubocurarine attacks slow twitch fibres (Molbech & Johansen 1969) , while pancuronium has a preference for fast fibres (Bonta & Goorissen 1968 ).
